‘needs frH igh Perfom ance 
Com puting 


e Hyh Perfom ance Com putng 3s m portant 
because we wantto 
—- Solve Argerand bwerscentic pobrems 
e Advanced PrwductDesign 
e Envionm entalstudy ,weatherpiedicton 
— Stow and pocess huge am ountof data 
¢ Data M nng and Know Edge D iscovery 


¢ INage prwocessng ,mulimeda nifomaton 
e htemet nfm aton storage ad search 
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“Problem with Tradittonal 
Supercom puter 


e Expensive 
Very high startng cost 
Expensive sofware 
High m antenance cost 
Costly to upgrade 

e Vendordependert 


So,poorpeopk can nddohyh x 
perform ance com putng. 


Kasetsart University, Bangkok, T diland 


Solution Build a hom em ade 
supeicom puter 


Is tpossbk? 


Yes! 4 


“= PC Cluster: poorm an’s 
supercom puter 


e PC Clster:A com putng sydem buitliom hygh- 
endPCsand high-speed comm unxcaton 
network. 

PC Clstercan beused & distrbutedmem ory 

m ulcom puter. 

PC Clstersupportstandam paraldl 

piogiamm ng based onm essage-passng model 


L | 
el ef al 
\ — 
i ee (eee 
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Beow ulfP 1 Pct 


° Orgnatng fom CenterofExceldnce ad 
Infom aton Systems SceEncesCESDS) at 
NASA Goddaw Space Centerby Dr. Thomas 
Stenng, Donal Becker 


‘Beowulfs a popct ca poduce the sofware Hrof#he-shel 
chlsterd workstatons based m comm odty PC-chssharnlwar, 
a hyhdbandw ath nemalnetwork, and the Inux operatng 
system .” 


=yt University, Bangkok, Thdlond 


W hatis aBeowulfC ster? 


Pid dPCs POP) 


PureM*2COTS MassM arketC om odity O ffThe 
Shelves) 


Unixtke OS with source code awaibbilty: LNUX,BSD 
Message wssng paralelpiogiamm ngmodel: MPI, 
PVM 

Scentific applicatons:Fbatng pat ntensiwve, data 
nntensve 


com puterscence research and education 


Kasetsart University, Bangkok, T diland 


her ofB eow ulfw ith Neaging 
C lusteratCalech 


Kosetsart University, Bangkok, T hdland 


W hy Beowulfis good? 


¢ Low nitalmpe&m entaton cost 
-M%’%2COTS (CheapPCsandComm odites 
Netw oxks) 
— Fre Sofware LNUX,GNU,MPI,PVM 
¢ Scakbiti: com putng system thatgrow and 
shrnk with the neds 
e Fam iarTechnobgy, easy foruserto adopt 
the appoach,use andmamntan system. 


Kasetsart University, Bangkok, Tdiland 


By Bx BeowulfC uster 


Avalon C luster 


Large BeowulfC uster 
(140 na@es),LosABmos 
NatonalLaboratpry 


DecAtbha Based Systems 


Delwver> 10 G fbps 
perom ance 


88th fastestcom putern 
the word 


Kosetsart University, Bangkok, Thdland 


15 nodes 

—-4P233 6M@B 

-— 8P1B50,128MB 

- 1DualPentum 11450MHzZ128MB 

— 2 Frontend DUALPentum IH50MHz andDUAL 
Pentum Pr200MHZ 

Storage aound 506Gb 


FastEthemetSw itch 


Peak perfom ance aboutl G fbps 


Kasetsart University, Bangkok, Tdlond 


Costconsideration &. 


W hatyou need? 


e A few goodPCs 
—- Pentum 1300-450 
— RAM atkast64Mb but128256Mb s prefered 
-Morthan &bMNodes 
- One Bymontor 17nch frfiontend 


e Hih Speed Network 


Kasetsart University, Bangkok, T diland 


How much tcostyou? 


PC pree is now dioppng fast 

Pentum IPC 400MHz Get nim ntemet 
- 64GBHD,CD 32X,RAM 64MB 
- 124995 YS 


P ree pernode w ilbe about1000-1500 US$ 
About80 M fops pernode 
FastEthemet10/00 Switch 

— Low cost 250-450 USS 

—- BrandName 1000-2000 USS 


Kasetsart University, Bangkok, Thdland 


== 


So, ket’s play w th som e num ber 


Node cost= 1500USS @I400MHZ) 


Frontind cost= Node + ByogerH arldisk + 
Bijgerand nierM onitor= 2000US$ 


FastEthemetSwitch i 500USS$=62 Sport 


Let’s notcountsome cost dra whid 
— Cabing, rack orshelf 
— UPS 


Kasetsart University, Bangkok, Thdlond 


M iInm al2 Nodes System 


Pentum 400,100MbxD wectC onnected 
W z,no ndwor requted. 

Machine cost= 1500+2000 = 3500 USS to 
get about150™M fbps peak 


DualCPU nodes getyou abat300M fobps 
peak forabout6000USS$ 


Kosetsart University, Bangkok, Thdland 


=====5 urcoston 4 Nodes System s 
0 ecem ber1997) 


¢ Pars ofoursystem 6904USS) 
—- 4Pentum 1233MHz 


-— 2GB EDE,64MbRAM ,2 FastEthemetC aml per 
node 


e Later,we puchased a fastEthemethub for 
about 736USS. 


¢ Total siabout 7640USS$ or1910USSModes 
mcldng comm uniaton 


Kasetsart University, Bangkok, T diland 


=ournew 8nodes gstem 


¢ Confguraton 
— 8 Pentum 11350 RAM 128HD 43GB 


— 2FastEthemetswitch 6MC TiyerSw itch) 


e 18 GPbs Backphbne, notbbckng , cutthmugh mutng, 
SNMP support 


° For14736USS or1842 USS/nodes nchudng 
much bdternetw ork 


¢ Geting cheaperand beér! 


Kasetsart University, Bangkok, Thdland 


low mucha 1G fbps peak 
perfom ance gstem cost? 


Pentum I 400 ss about80M fbps 


Need abott13 nodes (L500x 12+2000x1 = 
20000USS) 


Need 1624 patswitch (2000USS$) 


Costonl about22000 US$ @22USS/ 
M fops 


Kasetsart University, Bangkok, Tdiland 


IC 


Now ,et’s go shopping! 


—————— 


——= 


Choosmng PC ClusterCom ponent 


C lusterC om ponents: 


Motherboard andcase 
CPU andmem ory 

H ard Disk 

CD ROM,FbppyD sk 
Keyboaw,m onior 
Interconnecton ndwork 


———— —— 


os KL nd == 


M otherBoarnl 


Largestcache @w@possbkE (512K atEast) 
cbck speedmow than 10O0MHzprfied 
Mem ory expansion 
- Nomalboaw can go upp 512Mbytes 
Some serverboarw can expand upto 12 Gbytes 
butvery expensive (htel, Tyan) 
Numberandtype dsbts 


—- atkast34 PCIsbts is needed forSCSI 
Adaptoy MutbE network azs 


Kasetsart University, Bangkok, Tdland 


M otherBoarnl 


Buidn opton:SCS]I,DE,FLOPPY,SOUND 
USB 
Mor wlabk, ess ost,but hfexbE 

Fom factor 

— ATX case is typicalnow butAT is heaper 
New motherboar tualyhas buidn 
hardw ar moniorsuch aslLM78.Hyhy 
recomm ended 
Com patbilty w ith Lnuxm ustbe checked. 


Kasetsart Univesity, Bangkok, Thdland 


e hte) CYRK,6x86,AMD ar dso supported 
e Sometme aod wng neestgenerton 
processorcan cutcost. 


— We found that for hte lP wcessor, 50M hz ncwase 
ihn cbckgwve you only about10M fobpsmor 

—- Pentum 450 andPentum 400 speed dférentis 
10M fops (02-15% ) butthe pice of 450 ts amost 
tw ice thatof400. 


Kasetsart University, Bangkok, T hdiland 


Ourlnpack rsults on varous CPU 


Processor Speed 


Mem ory zg 


SDRAM s betterthan EDO whrh 31s better 
than nom alRAM 

SDRAM isnow nomal 

Pik fastSDRAM ifpossbk.Accesstme & 
fastas possbE:60nsecm nmum 


SDRAM mustm atch cbck speed dman 
boamw (GGDRAM 100MHZ ss neeced for 
M amboam 100 MHz) 


Kasetsart University, Bangkok, Thdlond 


12 


Hard D isk 


DE :cheap andfast, contoldrbuid-n on 
boaw, Awe capacity 10GB 3s avaidbk. 
SCSImow drabk,andcan beexpanded 
mor than DE (DE slimitedt0 4pernode) 
DE has a very shortlve forheavy,24 hous 
use.Use SCSTifyou neednorw wlabk dsk, 
DE frbw-costsolton. 

We weSCSIforcommon werspace, DIE 
forscatch 


Kasetsart University, Bangkok, Thdland 


CD-ROM ,Fbppy Disk Duve 


CD-ROM wilsm plfy the ntelnstaldton 
Need onone nodeonl,possby on frontend 


F bppy is usefulwhen bodng o@ aectovery 
from crash 

Need ony 144MB drve,don’tneed aly 
fancy drive ler. 


e Tape bak up is necessary for bngtem and 
relabk operaton 

e Lmux supportm any tape and rem ovabE 
Devices 
—- NomalTape ,sbw buthigh capacity 
—- DMEGA JazzD rve fastbut bw capacity (LGB) 

e We we DMEGA Jazz drve smnce we needa 
fastand randam access capabily. 


Kasetsart Univesity, Bangkok, Thdland 


Keyboami,M onitor 


Compute node ,don‘tneed keyboaw = 
andm onitor nomonitoy much bwer 
cost) 

Frontend needy monitorfprx 

w ndows, sofware dwebpment,demo. 
Need BDS setup to dsabk keyboam on 
some system 

Keyboaw andm oniorsw ich isnire to 
have (butalso costyou petty good). 


Kasetsart University, Bangkok, Tdiland 


“hterconnection Netw ork 


Many technobg#s ar aaidbe 
e ATM 
— Fast (L55M bps, 622 Mbps) 


Too expensve forthis purpose 


e Myrmet 
—- Great oferl 2 G pabtbandw oth 
— Stil €xpensyve 
— Very populbr forhih-end cluster 


Kasetsart University, Bangkok, Thdland 


“hnterconnection Netw ork 


G gabtEthemet 

— Very fast 

— coststilquie high bttw ilbe cheapersoon 
FastKthemet 

— Cheapest aStnetw ork avaiabE 
M ostBeowulfclsteruse fastethhemet, some 
hiyh-end system use myrnet. 


Kasetsart University, Bangkok, Tdlond 


FastEthemet 


The m ostpopubrnetww ox forclster 


Geting cheaperand cheaper fast 

O férgood landw ath 

Lint TCP/EF Stack an pmp ony about30- 
60 Mbps only 

Future technobgy :VA Vitwalnhterface 


Archiectur) by hte] Berkeky have ust 
rekased VA mpk&mentaton onM yrnet 


Kasetsart University, Bangkok, Thdland 


= - 
—SS= aaa 


Netw ork Ihterface Caml 


e For100 Base-T,use myCAT5 
cabk. 
e NU sbuidm onsome system. 
e AvaidbitjofLnux D rverss 
m portant 
- Somecaw ae mtsuppored aall 


— Some supported cam ctverdoes not 
foncton propery. 


Kasetsart University, Bangkok, Tdiland 
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™P erfom ance Com parison 


(fom SCL Iab, bwa Stat Unwversty) 


Kasetsart University, Bangkok, Thdland 


System Plannng 


1S 


Plannng fPrthe C luster 


e System Confguraton 
e Sofware Confguraton 


Kosetsart University, Bangkok, Thdland 


Type ofC luster 


e C bse C uster:H dem ostofthe custerbehnd 
gateway node 
— need Ess P address, bettersecurty 
— Good forcom putng task 
e OpenC lster:Alhodes can beseen fom 
outside 
— Needmany Ps,mor securty oncem 
mor fexbk 
— Good for ntemetweb/nfom ation servertask 


Kasetsart University, Bangkok, Tdlond 


vals 


C bse C usterConfguraton 
High S peed Network 


Service Network 


Externd Network 


Kasetsart University, Bangkok, Thdland 


Open C lusterC onfguraton 


IGS RESdNEt work 


| | | | 
Externd Netwerk 
F 


Kasetsart University, Bangkok, Tdilond 
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Mmm alConfguraton 


e¢ Diect100 Mbps Ink 
usng ciossw ie 

e Man rode isalboa fid 
server 


ESRB 1: 


Kasetsart Univesity, Bangkok, Thdland 


iIhterconnection Netw ork 


¢ M ostpopubrone ss FastEthemet 


e Chores 
— Link node n to ttpobg#¥s schasmesh, Toms 
¢ Scakbbk,m or bisection bandw ith 
— Swich Network 
e Easy, butm or costly 


- Hub 
e bwercostbut bwerperom ance 


Kasetsart University, Bangkok, Tdlond 


RJ —45 W inng D iagram 


Tfyou hdd RJ —-45 connector facng you with the bck tab onthe top fom Ef droht 
.-The pn wage isas folows 


Pin Number Assignm ent Cobr 
1 OutputD ata (+ ) Bhe /W hie 
OutputD ata ( -) Bhe 
Thput Data (+ ) O zange /W hi 
Reserved forTekphone Orange 


Reserved forTekEphone Gren /Whie 
Thput Data ( - ) Gren 


Reserwed forTeEphone Brown / Whi 


Reserved forTeEphone Brown 


Ifyou are connecting only twom achmes , tis possbk tt avoid 
using ahub ,by swapping the Rx and the Tx pais 
(1-2 and 3-6) 
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OurSM LE BeowulfConfguraton 


Note: 


One frontend ako acts 
as gateway, if server 


SM LE Harlwar Confguraton 


Compute Nodes 

4 Pentium IT 233MHz 

512 KB L2 Cache. (ASUS P2-L97 
440LX), 64 MB, 2 GB EIDE, 

2 Ethernet card on each node 
(3COM 3C905TX) 

8 Pentium II 350MHz 

128 MB, 4.3 GB EIDE, 440BX 
LO0MHz board (ASUS) 

2 Ethernet card on each node 
(3COM 3C905TX) 

PII 450 DUAL Processors 

4.3 GB IDE, 128 Mb, 1|OOMHZ 
board 


Front-end Nodes 

PPRO200 DUAL Processors 

Cache 512K 64 MB, 2 GB of EIDE 
hard disk, CD-ROM drive and 17 
inches monitor, 

Two Ethernet card, one is Fast 
Ethernet card and another is 10 Mbps 
Ethernet. 

PII 450 DUAL Processors 

10 GB IDE, 128 Mb, IOOMHZ board 
Network 

100 Mbit Fast Ethernet Switch SMC 


Kasetsart Univesity, Bangkok, T hdland 


Mam software com ponents 


° Operatng System 
— LINUX FreeBSD 


¢e Paraldlpwgiamm ng System 


—~PVM,MPI 


° Utites, Lbrary,and pudaddoman tos 


These gafwarw 2a fee! 


Kasetsart University, Bangkok, Tdlond 
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Sofware Stucturw ofPC Cluster 


Singk System Vrw 


e Sngk system vew 
—- Common fi—esygem stuictur view fom any node 
- Common #xoounton alhodes 
—- Sng sofwar nstalAton pont 
¢ Benefit 
—- Easyt nstallandmantan sysem 


— Easyw use forusers 


Kasetsart University, Bangkok, Tdiland 


System hstalaton 


Instalaton Steps 


Ihstal D peratng sydem (LINUX) 
Setup aSngk System View 
—- Comm on fiksystem stucture view fiom any node 
-— Comm on xoounton alhodes, wansparentiem ote bgn. 
- Sng sofware nstalaton pnt 
Ihstal paraldlpwgiamm ng sysem suchasMPI, 
PVM ,BSP 


Ihstal ltittes, lobwres,and apdrdatons 


Kasetsart University, Bangkok, Tdiland 
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Linux ihstallaton 


e Lmnux have m any distrbuton:S Ackwar, 
Redhat Caberm,Deban 
e We we RedHatbecause 


—- RedHatis easyto nstallupgiade w ith RPM 
package m anagem ent adchnobgy 


—- RedHatcome wih very omp£&te setofsofware 
e Version wed onSM LE isRedHat51A2 


Kosetsart University, Bangkok, Thdland 


Quick Guide Pr hstalaton 


e Plnnng the patton 
—-Root iBsystem (/) 
—- Swap fidsystems (twre the sze C¢ 
mem ory) 
—- Shared dectory on fid server 
° fisr/bcalfrgbbalsofwar mnstalaton 
e/ome foruserhome directory on allnodes 


ePhnnng P,Netmask,Domamn nme, 


N B dom APA etscrt Univesity, Bankok, Thdlond 


Make bo@tdisk fom CD ornetwork 
distebuton 
Parton haddisk accowng to the pan 
SeBctpackages to nstall 
—- Comp£kte mstaldton forFrontend, figserwer 
—-Mwnmalnstalaton on compute noés 


Ihstaldton 
Setup ndwork, X wndows system , account 


Kasetsart Univesity, Bangkok, T hdland 


Basxc Ptal 


e Lnux hate pugand-phlhy.Tum toffusng 
bis setup 


e SetnteruptandDMA on each caw to 
diferent nterupt & won confilat.Forplg- 
andpamn caiw,W ndowscan beused forthis 
purpose. 

e Forfontendwih 2caw,kemelmustbe 
recom pid tt tum onP masqueradng and 
fowanng 


Kasetsart University, Bangkok, Tdiland 
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Setup aSngf System View 


¢ Sinngk fik stucture can be achEvedusing NFS 
— Easy and wldbke 
- Scabbiiy t Awe clhsteriss si Questonabe 

e Auto sydem can be sed tw wduce the bad 
— mount ifs ystem when ss used only 

e We shar Aisr/bcaland home fom a sngENFS 
server 


Kosetsart University, Bangkok, Thdland 


Centralized account 


¢e Centalzed acountusngNS Network 
Ihnfom aton System ) 
-— SetNS domanusng domanname comm and 


— Start Ypser”’on NTIS server ufBually fi—™serverof 
frontend) 


— mnmake n Aarfp 
—add“++”atthe edofétcfasswow fie andstart 
YVepbind”on each noes. 
e Add dhodes n Atchostequy to make 
tansparentbgn. 


Kasetsart University, Bangkok, Tdland 
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MPI nStalaton 


e MPIisa standarlmessage passing nterface 
forprgiamm ng clsterorparaldlsystem 
fom MPIFomm 

e MPIis easy since tis despnedtt beshared 
am ongm any usexs 

¢ GetM PID istrbuton.Goos plces wb start 
are: 

— http://www erm sstate eduf pi/ 
— http :/www mcsanlgov/f pif pich/ 


Kasetsart University, Bangkok, Thdland 


MPI nBtalaton MPLH) 


e MPH sa wmpubrmpkmentaton ly 
Argonne N atonalLaboratory andM isssppy 
State Unwverssty 

e Instaldton (nn Aisr/bcalm pi) 

— Unpack distrbuton 

— mn confgure 

— make 

—make prefx=/isr/bcalm pi nstall 
— setup path and ewmtonment 


Kasetsart University, Bangkok, Tdiland 
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PVM 


PVM ParaldalV itualM achmes is anotherm essage 
passing fom Oak Ridge NatonalLaboratory and 
Unwersty ofTennesse Appearbefore MP LCurent 
versibn isPVM3 4 

Fexbk fornon-dedtated clster easy to use 


bwerperom ance and Ess featur rch com pared to 
MPI 


Infom aton: http:/www epm omlgov/vm / 


Kosetsart University, Bangkok, Thdland 


PVM hstalaton 


Getthe dstrbuton 


Unpackthe dstrbutont we dectory,PVM 
is diffutt nstaltbentaly 


Setenvironm ent 

-— PVM_ROOT to pyvm diectory 

-—- PVM_ARCH to LNUX ©rOS you use) 

- Setpathhto BVM_ROOThn PVM_ROOT/b 


GotD pm directory, unmake fid 


Kasetsart University, Bangkok, Tdland 
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Programm ing the C ster 


erofBeowulfComes from 
ParalelP rwcessng 


e Speedng upthe executon 
by plttng task nto many 
ndependent subtasks and 
mn them onmukpE 
processors oncurenty 


Communixaton 
perfomance andtask 


partbonng samapr fPif)(P2)) (P3y) ipa) 


concem 


Kasetsart University, Bangkok, Tdland 


7 to Program BeowulfC luster 


e Buidng appldatons yourselfusng paaldl 
message pasing lhbrary sch ePVM and 
MPI 


¢e Usng paaldlahguage such eHagh 
Perfom ance Fortan andO perm P 


e Usng pwilamath lhmary 


Kosetsart University, Bangkok, Thdland 


rogram m ing using Message 
Passng 


e Partton task ntO mubkbE concunent 
tasks thatcomm unxate ky passng 
message 

eMPIMmessage pasng nterface) 

—a @ factd standard thatis now supported 
byalphtom. 

—Fire mpkEmentatons ar dso awaidbe 
MPCH,LAM ) 


Kasetsart University, Bangkok, T diland 


gramm ng usng Message 
Passng 


e Advantages 
—- Standam andportabEe 
-Hiah pefom ance 

e Disadvantage 
—- Very dif Luk tpwgiam 


Kosetsart University, Bangkok, Thdland 


MPIProgram (1) 


include "mpi.h" 
include <stdio.h> 
include <math.h> 
double f(a) 
double a; 


return (4.0 / (1.0 + a*a)); 
int main(argc, argv) 


int argc; 
char *argv[]; 


int done = 0, n, myid, numprocs, i; 

double PI25DT = 3.141592653589793238462643; 
double mypi, pi, h, sum, x; 

double startwtime, endwtime; 

int namelen; 

char processor_name [MPI_MAX _PROCESSOR_NAME] ; 


Kasetsart University, Bangkok, T diland 


34 


MPI_Init (&argc, &argv) ; 

MPI_Comm_size (MPI_COMM_WORLD, &numprocs) ; 
MPI_Comm_rank (MPI_COMM_WORLD, &myid) ; 
MPI_Get_processor_name (processor_name, &namelen) ; 
fprintf(stderr,"Process %d on %s\n", 

myid, processor_name) ; 

n = 0; 

while (!done) 

{ 


if (myid == 0) 
{ 


printf("Enter the number of intervals: (0 quits) 
scanf ("%Sd", &n) ; 


if (n==0) n=100; else n=0 
startwtime = MPI_Wtime() 


’ 
’ 


} 
MPI_Bcast (&n, 1, MPI_INT, 0, MPI_COMM_WORLD) ; 
if (n == 

done 


mae Kasetsart University, Bangkok, Thailand 


= 1.0 / (double) n; 
0.0; 
for (i myid + 1; i <= n; i += numprocs) { 
x = h * ((double)i - 0.5); 
sum += £(x); 
} 
mypi = h * sum; 
MPI_Reduce(&mypi, &pi, 1, MPI_DOUBLE, MPI_SUM, 0, 
MPI_COMM_WORLD) ; 
if (myid == 0) 
{ 
printf("pi is approximately %.16f, Error is 
%.16f\n") 
pi, fabs(pi - PI25DT)); 
endwtime = MPI_Wtime(); 
printf ("wall clock time = %f\n", endwt ime- 
startwtime) ; 
} 


} 
MPI_Finalize(); 
return 0; 
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Program m ing using Paralél 
Language 
e Ther ae hundeds ofparaldlpwgramm ng 
nguage.Butvery fews ar standaw. 
e W del used paaldl ahguage 
—- HPF @wayh Perfom ance Fortan) 
¢ sued byHPF Foum, 


e SPMD data m odel, distrbuted m em ory 
—- OpenM P 


e New standaw ly OpenMP Consortum 
e Supported by m ostcom m ercialcom pier 
e use sharedmem orym odel 


Kasetsart University, Bangkok, Thdland 


gramm ng usm Paralél 
Language 
e Advantage 


— Easyto code, portabe 
e D sadvantage 


— Low experfom ance and scahbiii 


eWe a no usng te PortthndG wup 
CG)HPF,F90, #7 compidron ow 
system 


Kasetsart University, Bangkok, Tdiland 
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HPF Program 


Parallel Fortran Program using HPF 


PROCESSORS p(number_of_processors() ) 
real c(6000, 6000) 

real A(6000,6000) , B(6000,6000) 
distribute c(cyclic,*) onto p 
align a(:,:) with c(:,:) 

align b(:,:) with c(:,:) 
a(1:6000,1:6000)=10.0 
b(1:6000,1:6000)=5.0 

c=ax*xb 

print *,"Program is done" 

end 
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ram m Ng using Paralé1M ath 
Lbrary 


e Many group try to hie the 
com pExity ofw ring paralelcode 
by proving easy to use math 


ibrary Sequential 
Application 


e¢ Popukrand fee one ae: 
- Scahpack by UTK 
—- PetScby Axwonne NatonalLab 
— Pdapack fom UT Austn 


e Advantage 


— Easy to code, no know Edge ofparaldl 
system s rwquied 
Kasetsart University, Bangkok, T hdiland 


Applicaton cfBeowulfSystem 


ings thatyou can we yur 
BeowulfSystem s fr 


HPC pkhtdém forscentfic applicatons 

—- This s the agmalpurmpose ofbeowulfpw ect 
Storage andorocessng dkwe data 

— Satellites mage pocessng 

— Infom aton RetrevalDataM nng 

Scalhbk htemethtanetSewer 
Mamcomputng system n xadenrc 
envionm ent 


Kasetsart University, Bangkok, T hdiland 


BE 


clusterfr 


e Supportcourses n opeatng system, 
distebuted system s, paraldicom putng 


e Research 
— Scentific Com putng 
- Paralelsofwaw tos 
— Paralelifom aton Retreval 
— ParalelSearch Engne 


Kasetsart University, Bangkok, Thdland 
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ParalelSofware Tool 
Developm ent 


e Oursydem is used to supportthe dwebpm entof 
C usterM anagementSystem caledSCMS 
ParaldlUni Command 
GUI nlerface forM anagem entand Perfom ance M onitorng 
Advanced Aim System 
Thtegrated W eb Technobgy fPrsystem m onitorng 
e Avaibbiiy: ww w sm id.cpe kuacith and bewulf 
prwoectsite http://www beowulfoy) 


Kasetsart University, Bangkok, Thdland 


uted ExtRetrevalon PC 
Cluster 


e Approach 


— Sequentaltm e-consum ng 
and I bounded tasks ar 
partitioned nto several sub-— 
tasks. =. nial 


— D istrbute these tasksto 7 
mulkpk nodes of PC clist? n= 


to execute concunenty TS 
indexit eval 


e Colaboraton wih TREC “F ‘ 
pwectatNST,USA. 


Kasetsart University, Bangkok, T hdiland 


AC 


D istrbuted In age Renderng 


C lustersm iarto beowulf 
is used to renderhuge 

am ountofmage form ove 
TIANI” 


160 DEC Abha 433 


htp:/Wwww ssc.com /yissue4624 J 
94 htm 1 
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Conclusion 


4| 


W hatwe kam from dong this? 


PC Clsterss good pfatom frm any 
appldaton 

Lm tatons exist 

— Low speed,high btency network 

—- Sofware nadequacy:tools and apddatons 
Sofwar sa mporant, nothawdwar 


Scahbitijand extendbibjis a stong pnt 
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C lustered Com puting 


Putcheap an powerfulcom putng systems n 
the handfscrntistand engneer 


Save a btofm oney 


Ihcwaseman poern scentific com putng, 
paraldland distrbuted com putng 

Provioles anafdmwabkrE patom forthe rwsearich 
in Paraldy/D istrbuted Com puting, Com puter 
Netw orkng, Operatng Sysemsetc.. 
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Ure willnotbe the ame a&tr 
Beow ult 


Beow ulfclsterw ilnecome the system most 
peopk used forHPC. 


Beowulfcustergyve very hgh com putng 
powerto peor. 
-— Peopk gong t we tto do somethng we can n& 
even Magne nw 


- SameasPC wvolton n 70s when Appk gwve 
cheap processng porerto peopk. 


You an’tsee ndhing yet! 
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Form orw nfom ation 


e Man kowulfpage:www beowulfow 
e Caltech Beowulfpage 
htp:/Www cacrcaltech edu/esearch beow ulf/ 
- Mow @taitutoralon how to buid kowulf 
e C luster cookbook 
— Porthnd G wup C usterC ookbook at 
htp:/Www pgroup com £ lstere cokbook/ 
—- SCL clstercookbook atAmes Research bb at 
htp: Aw w .sclam eshb govP wm ects£ Lsterx€e ookbook/ 
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buiding a bw cost= 
paralelm achne 
( ym PARL, 
Ciem son U .) 


Kosetsart University, Bangkok, T hdland 


For more information: 
http://www.smile.cpe.ku.ac.th 
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